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PERMANENT MAGNET TYPE 
ROTARY ELECTRIC MACHINE 

Background of Invention 

[0001] This invention relates to a rotary electric machine, such as a brushless DC motor 
or generator embodying permanent magnets rotor and more particularly to 
arrangements for eliminating or reducing undesirable characteristics of such 
machines. 

[0002] It has been well known that the periodic variation in the output torque of a 
brushless DC motor using permanent magnets due to a condition referred to as 
"cogging torque". This cogging torque is generated by the attractive or repulsive force 
between the permanent magnets and the magnetic poles or teeth on which the 
windings are formed. The period of this cogging torque is determined by the least 
common multiple of the number of permanent magnet poles and the number of slots 
formed between the teeth. 

[0003] This cogging torque is particularly noticeable at a low speed or low output torque 
in, for example, an electric motor. For example, in an application such as an electric 
power assisted steering device using an electric motor for assisting steering force, 
when the steering angle and the steering force are small such as during a high speed 
running or the like, this cogging torque can cause an undesirable feel in the steering. 
This is just one example of a situation where the cogging torque results in reduced or 
undesirable performance. 

[0004] It is therefore a principle object of this invention to provide a permanent magnet 
type rotary electric machine with reduced cogging torque for smooth rotation. 

Summary of Invention 
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[0007] 

[0008] 

[0009] 
[0010] 
[001 1] 

[0012] 
[001 3] 
[0014] 

[0015] 



A first feature of the invention is adapted to be embodied in a rotating electrical 
machine comprised of a primary device having a pair of relatively rotatable assemblies 
consisting of one assembly comprised of a plurality of circumferentially spaced 
permanent magnets of alternating polarity. The other of the assemblies is comprised 
of a plurality of radially extending, magnetic poles having ends cooperating with said 
permanent magnets and surrounded by coil windings and defining slots 
therebetween. Relative rotation of the assemblies of the primary device generates a 
cogging torque determined by the least common multiple of the number of said 
magnets and the number of said slots. A cogging torque canceling device is provided 
that generates a cogging torque out of phase with and substantially canceling that of 
said primary assembly. 

In accordance with a further feature of the invention, the cogging torque canceling 
device is selectively operable. 

ief Description of Drawings 

FIG. 1 is a graphical showing the cogging torque and canceling cogging torque 
generated in accordance with the invention and the resulting torque.. 

FIG. 2 is a cross sectional view taken through a rotating electrical machine such as 
a brushless DC motor utilizing a first embodiment of the invention. 

FIG. 3 is a cross sectional view taken along the line 3-3 of this embodiment. 

FIG. 4 is a cross sectional view taken along the line 4-4 of this embodiment. 

FIG. 5 is a cross sectional view, in part similar to FIG. 2, and shows a second 
embodiment of the invention. 

FIG. 6 is a cross sectional view taken along the line 6-6 of FIG. 5. 

FIG. 7 is a cross sectional view taken along the line 7-7 of FIG. 5. 

FIG. 8 is a cross sectional view, in part similar to FIGS. 2 and 5, and shows a third 
embodiment of the invention. 

FIG. 9 is a cross sectional view taken along the line 9-9 of FIG. 8. 
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[001 6] FIG. 1 0 is a cross sectional view taken along the line 1 0-1 0 of FIG. 8. 

[001 7] FIG. 1 1 is a view of another type of device that may be employed for canceling the 
cogging torque in accordance with a fourth embodiment of the invention. 

[001 8] FIG. 1 2 is a cross sectional view taken along the line 1 2-1 2 of FIG. 1 1 . 

[001 9] FIG. 1 3 is a developed view of the area encircled in FIG. 1 1 showing the 

relationship of the elements to explain how the cancellation force is generated.. 

Detailed Description 

[0020] Summary of the Concept 

[0021] The principal of the invention which is embodied in the specific embodiments of 
FIGS 2 through 4, 5 through 7, 8 through 1 0 and 1 1 and 1 2 will be described first by 
reference to FIG. 1 . FIG. 1 illustrated an embodiment of rotating electrical machine 
having 1 8 gaps or spaces formed between magnetic pole teeth around which coils are 
wound and which cooperates with a plurality of circumferentially spaced permanent 
magnets of alternating polarity, in this case, their being 12 such magnetic poles. 

[0022] The cogging torque for such a machine is represented as a sinusoidal curve that 
completes a complete cycle during a 360 0 "electrical angle". That is a 360 ° "electrical 
angle" is defined as the angle of relative rotation during which a complete cycle of 
electrical power occurs. The actually mechanical angle of relative rotation during 
which this 360 ° electrical angle occurs is determined by dividing 360 ° by the 
"cogging number". 

[0023] The cogging number is the number of complete cycles that occur during a 

complete rotation of the machine. This cogging number is determined by the least 
common integral multiplier of the number of slots and the number of poles. In this 
case since there are 1 8 slots and 1 2 poles, the cogging number is 36. 

[0024] 

Thus, there are 36 cycles occurring during a complete revolution of the machine 
or one cycle every 10 ° of mechanical angle rotation. This cogging torque curve is 
indicated by the curve A. In accordance with the invention, a cogging torque canceling 
device is employed which can take the form of the aforenoted embodiments of FIGS. 2 
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through 4, 5 through 7, 8 through 1 0 and 1 1 and 1 2. 

[0025] In each of these embodiments, a sinusoidal canceling cogging torque is generated 
and is staggered relative to the main cogging torque so as to in effect cancel it out. 
Thus, with the example given the output of the cogging canceling mechanism is 
staggered by 5 ° relative to that of the main or primary mechanism comprising the 
coils, their magnetic pole cores and the permanent magnets. 

[0026] As a result and as shown in the solid line curve, the sum of the torques cancel and 
provide a very smooth output. The way this is accomplished will now be described by 
reference to the various and specific embodiments. 

[0027] Embodiments of FIGS. 2 through 5As afore described, it should be apparent that 
this invention may be utilized in either a rotating electric motor or a rotating electric 
generator, although the embodiments illustrated ail comprise motors. In this first 
embodiment, the electric motor embodying the invention is identified generally by the 
reference numeral 21 and includes a housing 22 in which a first motor, a primary 
motor, indicated generally by the reference numeral 23, is positioned coaxially with 
the cogging torque canceling motor indicated generally by the reference numeral 24. 
This comprises a secondary motor in this embodiment. 

[0028] The motors 23 and 24 each include, in this embodiment, stators which are 
comprised of magnetic pole devices 25 and 26, respectively, each of which have 
respective individual pole teeth 27 and 28 (See FIGS. 3 and 4).. Electrical coils 29 and 
31 not shown in FIGS. 3 and 4 but illustrated in FIG. 2, are wound around these pole 
teeth. 

[0029] In this embodiment, the physical characteristics of the two motors 23 and 24 are 
identical and thus, each have the same number of magnet pole teeth, defining 
eighteen (18) slots therebetween. In accordance with the invention and utilizing the 
previously described example, these coil windings 29 and 31 and magnetic pole teeth 
27 and 28 cooperate with twelve (1 2) circumferentially spaced, alternating polarity, 
permanent magnets 32 and 33, respectively. The magnets 32 and 33 are disposed at 
the same spacing around the periphery of a motor output shaft 34 to which they are 
affixed in any suitable manner. 
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[0030] The pole teeth 28 of the motor 24 are, however, offset by 5 0 of mechanical angle 
relative to the pole teeth 27 of the motor 23 so as to provide the cogging torque curve 
as shown in FIG. 1 . 

[0031] Control circuits 35 and 36, respectively, are associated with the coils for 

controlling the electrical current to them under the control, for example, a Hall type 
sensor 37 that cooperates with a magnetic detector 38 formed at one end of the 
respective motors 23 and 24, as is well known in this art. 

[0032] Thus, in connection with this embodiment, the electric motor includes a cogging 
canceling mechanism which not only reduces the cogging torque for the total machine 
but also permits the attainment of a greater power. Of course, the power is not as 
great as if the two motors were in complete phase, but the loss of power is more than 
offset by the reduction in cogging torque. 

[0033] Embodiment of FIGS. 5-7 

[0034] With the embodiment as thus far described, it is possible to reduce the cogging 

torque and improve the performance of the motor. However, in many applications, the 
cogging torque problem is only significant when operating at low speeds and low 
torques, as noted in the preamble hereto. Therefore, FIGS. 5 through 7 shows another 
embodiment which is operative at selected times to generate the cogging canceling 
action. 

[0035] This embodiment is generally the same as the embodiment thus far described. 

However in this embodiment the motor, indicated generally by the reference numeral 
51 utilizes a smaller cogging canceling mechanism, indicated generally by the 
reference numeral 52. The motor housing construction and the construction of the 
primary motor are the same as in the previously described embodiment and, 
therefore, these components have been indicated by the same reference numerals and 
will be described again only insofar as is necessary to understand the construction 
and operation of this embodiment. 

[0036] | n t j 1 j s embodiment, the cogging torque canceling mechanism is comprised of a 

stator core, indicated generally by the reference numeral 53 which comprises a pair of 
armature cores 54 and 55 each of which have respective pole teeth 56 and 57. In this 
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embodiment, the number of pole teeth on each of the cores 54 and 55 is equal to 1 8 
so that the total number of pole teeth is 36, the cogging number. 

[0037] These pole teeth 56 and 57 are surrounded by windings 58. By utilizing a split 
core with a lesser number of pole teeth on each core and having them slightly 
staggered, it is possible to maintain larger gaps and still have the same number of 
effective pole teeth. This permits a much more compact mechanism and a greater 
degree of winding. The windings are such that they extend in opposite directions on 
adjacent pole teeth. In this embodiment, the shaft 34 is provided with a pair of rows 
of permanent magnets 59 and 61 equal in numbers to the pole teeth 56 and 57. This 
portion of the shaft 54 is indicated by the reference numeral 62. 

[0038] In this embodiment, when the motor 23 is operated at low speeds and low loads, 
the windings 58 are energized so as to provide the cogging canceling torque as 
shown in FIG. 1 . As the speed and low increase, the current flow can be decreased and 
subsequently cancelled at the desired engine speed when the cogging torque does not 
present any significant problem. 

[0039] Embodiment of FIGS. 8-10 

[0040] FIGS. 8 through 1 0 show a still further embodiment of electric motor having a 
cogging canceling mechanism in accordance with another embodiment of the 
invention and which can also be selectively energized. In this embodiment, the motor 
is indicated generally by the reference numeral 71 and has a primary motor as with 
the previously described embodiments which, therefore, is again identified by the 
same reference numeral 23. The sub-components of the main or primary motor 23 
are the same as those already described and, for that reason, components which are 
the same or substantially the same have been identified by the same reference 
numerals and will not be described again except in so far as may be necessary to 
understand the construction and operation of this embodiment. 

[0041] 

In this embodiment, the cogging canceling mechanism, indicated generally by the 
reference numeral 72 includes, as shown in FIG. 10, a stator core 73 having a plurality 
of pole teeth 74. In this embodiment, there are 36 circumferentially spaced pole teeth 
which are offset at a small angle such as 5 ° from the pole teeth 27 of the primary 
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motor 23. These pole teeth are encircled by coil windings 75 which are wound in 
opposite directions. 

[0042] The pole teeth 75 cooperate with alternating polarity permanent magnets 76 
formed on an extension, the motor shaft 34, which extension is indicated by the 
reference numeral 77. With this embodiment, like the embodiment of FIGS. 5 through 
7, the coil windings 75 need be engaged or energized only under lower speed and 
load ranges when cogging can become objectionable. 

[0043] Embodiment of FIGS. 11-13 

[0044] In all of the embodiments as thus far described, the cogging canceling force has 
been generated by another rotating electrical machine which operates to provide an 
electrical cogging torque that is out of phase with that of the main machine and which 
cancels it. Next will be described an embodiment, as shown in FIGS. 1 1 through 1 3, 
wherein the cogging canceling force is generated mechanically. 

[0045] In this embodiment, the primary machine is the same as has been illustrated and 
described in the previous embodiments and therefore a further illustration of it is not 
believed to be necessary to permit those skilled in the art to practice the invention. In 
this embodiment, there is provided on the output shaft 34 a cam wheel, indicated by 
the reference numeral 81 , that has a sinusoidal shaped outer surface 83 formed 
thereon which has a number of valleys and crests equal to the cogging number, 36 in 
the examples previously mentioned. 

[0046] In engagement with this surface 83, are a plurality of balls 84 the circumferential 
position of which is held by a rotationally fixed, retainer ring 85. Coil compression 
springs 86 are fixed to an outer ring 87 that is held against rotation to the outer 
housing of the machine. The springs 86 urge the balls 84 into engagement with the 
surface 83. Thus, as the shaft 34 rotates, the balls 84 will give a varying force that has 
a sinusoidal shape tending to resist rotation. This resistive force has the same shape 
as that of a cogging force. This force is designed so as to be out of phase with the 
cogging torque curve so as to cancel the forces and make the machine operation 
smoother. 

[0047] a s seen j n pig. l 2, the ratchet wheel 82 has a portion 88 that is not formed with 
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the sinusoidal shape surface but is a shape of a cylinder. By moving the ratchet wheel 
82 axially along the shaft 34, which is possible by means of a splined connection 
therewith, the operation of the balls 84 and the force drag created thereby can be 
eliminated. Alternatively, the retainer 85, springs 86, outer ring 87 can be moved 
axially to position the balls 84 in registry with the cylindrical portion 88 to avoid this 
force generation. Thus, with this mechanical system it is also possible to provide the 
cogging cancellation only under low speeds and low torques on the primary motor. 

[0048] Thus, from the foregoing description, it should be readily apparent that the 

described embodiments provide an extremely effective arrangement for canceling the 
cogging action of a rotating electrical machine. In addition, some of these 
embodiments permit selective operation of the cogging canceling mechanism. Of 
course, the foregoing description is that of preferred embodiments of the invention 
and various changes and modifications can be made without departing from the spirit 
and scope of the invention, as defined by the appended claims. 
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